The National Aeronautics and Space Administration has adopted the policy to achieve the maximum practical level of commonality for the Space Station Freedom program in order to significantly reduce life cycle costs. Commonality means using identical or similar hardware/software for meeting common sets of functionally similar requirements. Presented in this Daper is information on how the concept of commonality is being implemented with respect to electric power system hardware for the Space Station Freedom and the U . S . Polar Platform. Included is a historical account of the candidate common items which have the potential to serve the same power system functions on both Freedom and the Polar Platform.
PROGRAM DESCRIPTION AND OBJECTIVES
Two of the Space Station Freedom program objectives are to establish a permanently manned research facility in low-Earth orbit and to provide an unmanned platform for long duration scientific and operational observations in near-polar orbit.
In order to bring this about, the test and development responsibilities for the program elements that form these facilities are distributed among four NASA centers -Marshall Space Flight Center (MSFC), Johnson Space Center (JSC), Goddard Space Flight Center (GSFC), and Lewis Research Center (NASA Lewis). This allows the program to draw upon unique skills and resources throughout the agency. Overall program direction and system engineering and integration (SE&I) activity is to be provided by the Program Office (Level 11) in Reston, VA (Fig. 1 ).
GSFC and its prime contractor General Electric, has the responsibility for the definition, development, utilization, and servicing of platforms. Initially there were two platforms in Phase I of the program, a polar platform and a coorbiting platform. The latter, planned to occupy a low-Earth orbit the same as the space station, has been shifted downstream to Phase I1 of the space station program. While still considered in the design and development process, the coorbiting platform will not be discussed further here. The Polar Platform will support missions to make terrestrial, biological and geological observations, oceanographic and ice In this scheme, Work Package 03 . NASA activity studies. It rill also be used for Earth lower-and upper-atmospheric monitoring and research, solar observations, and plasma physics measurements (Fig. 2 ) .
Nork Package 04 (WP-04), NASA Lewis and its prime contractor Rocketdyne, has responsibility for definition and development of the space station solar power modules and distributed electric power system hardware and software. These both are part of the manned base configuration. The latter also comprises a part of the Polar Platform. base has as its mission to serve as a laboratory, observatory, servicing facility, transportation node, assembly facility, manufacturing facility, storage depot, and staging base (Fig. 3) .
each of these structures in space will be different, each will require development of many of the same type systems. This gives rise to the notion of using "common" hardware in order to perform similar functions in a variety of applications. This approach has been adopted by the program. monality program was initiated t o reduce space station operating costs and crew time required for training, operations, and maintenance. The program aims at reducing costs by: (1) using existing designed hardware from other programs, ( 2 ) using identical or similar designs to satisfy similar functional requirements, ( 3 ) reducing the types of spares required, (4) using qualified standard parts, and ( 5 ) using common software, hardware, and interfaces.
The manned
While the mission goals and characteristics of A comThe electric power system hardware candidates that could potentially perform the functions of power generation and storage, and power management and distribution on the Space Station Freedom and the Polar Platform are shown in Table I .
To discuss how the commonality process has influenced the selection of this power system hardware, a historical account from the WP-04 perspective is given below.
PROGRAM DEFINITION AND PRELIMINARY DESIGN (PHASE 6)
A comprehensive program definition phase was completed in January 1987, which provided a review of space station systems and a more thorough understanding of the overall space station architecture. WP-04 participated in trade studies that focused on comparing t h e e l e c t r i c power system t e c h n o l o g y cand i d a t e s and d e t e r m i n i n g t h e b e s t common o p t i o n f o r t h e s t a t i o n and p l a t f o r m s .
S p e c i f i c D e s i q n D r i v e r s Some u n i q u e c h a r a c t e r i s t i c s o f t h e P o l a r P l a tform must be c o n s i d e r e d i n t h e hardware d e s i g n s for use i n t h i s a p p l i c a t i o n . The f i r s t o f t h e s e i s t h a t t h e p l a t f o r m w i l l be unmanned and have a low v i s i t a t i o n f r e q u e n c y . T h e r e f o r e , a l o n g d e s i g n l i f e , l e s s h a r s h o p e r a t i n g r a n g e s , and h i g h r e l i ab i l i t y a r e f e a t u r e s s t r e s s e d f o r use on t h e p l a tform. A n o t h e r c h a r a c t e r i s t i c i s a r e q u i r e m e n t f o r s o l a r a r r a y r e t r a c t a b i l i t y . T h i s i s a n e c e s s i t y d u r i n g s e r v i c i n g and r e o r i e n t a t i o n maneuvers i n o r d e r t o r e d u c e d r a g . I n a d d i t i o n , t h e p l a t f o r m d e s i g n s must r e s p o n d t o power r e q u i r e m e n t s o f f e w , r e l a t i v e l y p r e d i c t a b l e u s e r s . I n c o n t r a s t , t h e space s t a t i o n w i l l be manned, making s e r v i c i n g e v e n t s p o s s i b l e , and w i l l p r o v i d e u t i l i t y -t y p e power t o many u s e r s upon demand. B o t h t h e p l a tform and s t a t i o n w i l l i n c o r p o r a t e a c a p a b i l i t y f o r g r o w t h .
P h o t o v o l t a i c Power G e n e r a t i o n
The power g e n e r a t i o n s o u r c e b a s e l i n e d i n Phase 6 f o r t h e s t a t i o n and p l a t f o r m was a p l a n a r s i l i c o n f l e x i b l e p a n e l a r r a y u t i l i z i n g 8-b y 8-cm s o l a r c e l l s . I t i n c l u d e d a d u a l b l a n k e t , d e p l o y m e n t l r e t r a c t i o n c a p a b i l i t y , and p r o t e c t e d Kapton s u b s t r a t e . O p e r a t i o n a l v o l t a g e would be a nominal 160 V d c . A summary o f o t h e r o p t i o n s t r a d e d a g a i n s t t h e s e l e c t e d f e a t u r e s a r e shown i n T a b l e 11. S e v e r a l k e y f a c t o r s formed t h e b a s i s and r a t i o n a l e f o r t h e s e l e c t e d d e s i g n . imum c o s t , minimum mass c h o i c e . The d u a l b l a n k e t d e s i g n o f f e r e d a n a s p e c t r a t i o f o r t h e p l a t f o r m s o l a r a r r a y t h a t w o u l d m i n i m i z e i n t e r f e r e n c e w i t h t h e p a y l o a d s ' f i e l d o f v i e w . The d e s i g n c o u l d easi l y accommodate t h e l o w e r p l a t f o r m power g e n e r a t i o n r e q u i r e m e n t s b y u s i n g p a n e l and b l a n k e t box d e s i g n s i d e n t i c a l t o t h e s t a t i o n b u t u s i n g f e w e r p a n e l s and a d j u s t i n g t h e b l a n k e t box p r e l o a d . T h i s d e s i g n i s a l s o c o m p a t i b l e w i t h t h e need for r e t r a c t a b i l i t y . The c o n c e p t was f a v o r e d as w e l l from t h e s t a n d p o i n t t h a t i t had been p r e v i o u s l y d e m o n s t r a t e d w i t h t h e OAST-1 f l i g h t e x p e r i m e n t . A s c h e m a t i c o f t h e s o l a r a r r a y a s s e m b l i e s i s shown i n F i g . 4 .
Growth i s a c c o m p l i s h e d b y e i t h e r l a u n c h i n g t h e g r o w t h c o n f i g u r a t i o n i n i t i a l l y or b y r e p l a c i n g t h e e n t i r e a r r a y assembly o n -o r b i t . T h i s d e s i g n i s e x p e c t e d t o have a 15 y e a r s e r v i c e a b l e l i f e t i m e w i t h t h e d e s i g n p o i n t f o r t h e s t a t i o n a t 4 y e a r s and for t h e p l a t f o r m a t 10 y e a r s .

Enerqy S t o r a g e f o r t h e s t a t i o n and p l a t f o r m was an i n d i v i d u a l p r e s s u r e v e s s e l n i c k e l -h y d r o g e n b a t t e r y . The r a t i o n a l e f o r t h i s d e c i s i o n was t h a t t h i s c h o i c e was a low mass o p t i o n , w i t h low waste h e a t d i s s i p at i o n r e q u i r e m e n t s , and h i g h r e l i a b i l i t y . The o t h e r o p t i o n s under c o n s i d e r a t i o n were n i c k e l -c a d m i u m I t was t h e min-
The e n e r g y s t o r a g e d e v i c e b a s e l i n e d i n Phase 6 b a t t e r i e s , e n e r g y wheels, and a l k a l i n e r e g e n e r a t i v e f u e l c e l l s . Energy wheels dere c o n s i d e r e d t o be a t too e a r l y o f a s t a g e of development and were dropped e a r l y as a v i a b l e o p t i o n ( F i g . 5 ) . N i c k e lcadmium b a t t e r i e s would impose an extreme mass p e n a l t y f o r b o t h t h e s t a t i o n and p l a t f o r m . Alkal i n e r e g e n e r a t i v e f u e l c e l l s (RFC) were t h e most c o m p e t i t i v e o p t i o n b u t p r e s e n t e d s e v e r a l drawbacks. The f i r s t of t h e s e was t h a t t h e volume was too l a r g e f o r b o t h a p p l i c a t i o n s b u t e s p e c i a l l y for t h e P o l a r P l a t f o r m where i t i s d e s i r a b l e to package t h e e n e r g y s t o r a g e d e v i c e and o t h e r p l a t f o r m subsystem equipment i n s t a n d a r d ORU boxes. Second, t h e need t o d i s s i p a t e h i g h h e a t l o a d s g e n e r a t e d b y t h e RFC r e q u i r e s a s i g n i f i c a n t l y l a r g e r r a d i a t o r s u r f a c e . W h i l e t h i s imposes a mass p e n a l t y o n t h e s t a t i o n , t h e p l a t f o r m u t i l i z e s a p a s s i v e t h e r m a l c o n t r o l system b y r a d i a t i n g o f f t h e s i d e s u r f a c e s o f t h e s t a n d a r d ORU boxes. The l a r g e s i z e and i n c r e a s e d mass make t h i s approach i n f e a s i b l e . F i n a l l y , i t i s unknown i f t h e RFC c o u l d meet a 100 p e r c e n t power r e q u i r e m e n t a f t e r a s i n g l e f a i l u r e o n t h e p l a t f o r m w i t h o u t i n c o r p o r a t i n g an extreme amount o f redundancy and i n c r e a s i n g mass, making i t s r e l i a b i l i t y q u e s t i o n a b l e . As a r e s u l t , a n i c k e l -h y d r o g e n b a tt e r y ( F i g . 6 ) was s e l e c t e d as t h e b a s e l i n e . I t would be c o m p r i s e d o f 3 . 5 i n . d i a m e t e r c e l l s of t h e p i n e a p p l e -s l i c e d e s i g n . However, t h e c a p a c i t y r e m a i n e d an i s s u e w i t h WP-04 b a s e l i n i n g a 65 AH c e l l and WP-03 b a s e l i n i n g a 40 AH c e l l .
e r e n c e h i n g e d p r i m a r i l y upon t h e r m a l c o n t r o l cons i d e r a t i o n s . N i c k e l -h y d r o g e n c e l l s have f l o w n i n s p a c e c r a f t b u t i n geosynchronous o r b i t w i t h a d i ff e r e n t c y c l e r e g i m e t h a n t h e l o w -E a r t h o r b i t c y c l e i n t h e space s t a t i o n program. The f i v e y e a r d e s i g n l i f e needed f o r t h e b a t t e r i e s a b o a r d t h e space s t at i o n and p l a t f o r m i s c o n s i d e r e d a c h i e v a b l e a l t h o u g h n o t y e t p r o v e n . Growth would be a c c o m p l i s h e d b y r e p l i c a t i o n o f b a t t e r y a s s e m b l i e s t o meet i n c r e a s -
i n g power r e q u i r e m e n t s .
Power Management and D i s t r i b u t i o n
The f u n c t i o n s o f power management and d i s t r ib u t i o n on t h e P o l a r P l a t f o r m p a r a l l e l t h o s e of t h e Space S t a t i o n Freedom. The f u n c t i o n s b e g i n w i t h t h e a c c e p t a n c e o f 160 V dc and i n v e r t i n g i t t o 208 V a c , 2 0 kHz, s i n g l e -p h a s e power. T h i s i s a c c o m p l i s h e d u s i n g a s e r i e s r e s o n a n t s w i t c h i n g t o p o l o g y i n t h e i n v e r t e r u n i t s . Power o u t p u t and v o l t a g e o u t p u t r a t i n g s d i f f e r between t h e s t a t i o n and p l a t f o r m i n v e r t e r u n i t s as e x p e c t e d . Each of t h e s t a t i o n i n v e r t e r s i s r a t e d 25 kVA w i t h an o u tp u t v o l t a g e o f 440 V a c . Each o f t h e p l a t f o r m i n v e r t e r s i s r a t e d 5 kVA w i t h an o u t p u t v o l t a g e o f 208 V a c . The i n i t i a l number o f i n v e r t e r u n i t s o n t h e p l a t f o r m i s f o u r , w h i c h meet program r e q u i r ements f o r normal and peak power and system f a u l t t o l e r a n c e . 
DESIGN AND DEVELOPMENT (PHASE CID)
Phase
y changes t o t h e program b a s e l i n e s t h a t r e q u i r e s i g n i f i c a n t changes t o t h e d e s i g n b a s e l i n e s o f common p l a t f o r m and s t a t i o n hardware. The f i r s t o f t h e s e has been a change i n t h e secondary d i s t r ib u t i o n system o n t h e s t a t i o n and p l a t f o r m f r o m a 20 kHz a r c h i t e c t u r e t o a 120 V dc a r c h i t e c t u r e . I n l i g h t o f t h i s , a change i n t h e b a s e l i n e d e s i g n o f t h e s o l a r a r r a y t o produce a 120 V dc a r r a y f o r p r i m a r y d i s t r i b u t i o n o n t h e P o l a r P l a t f o r m r a t h e r t h a n a 160 V dc a r r a y i s b e i n g i n v e s t i g a t e d . T h i s c o u l d e f f e c t i v e l y change t h e l e v e l o f s o l a r a r r a y i d e n t i c a l i t y from t h e p a n e l t o t h e p r o d u c t i o n modu l e l e v e l . O t h e r i m p a c t s i n c l u d e t h e e l i m i n a t i o n o f t h e d c / a c i n v e r t e r s and t h e a c / d c c o n v e r t e r s and t h e r e p l a c e m e n t o f t h e ac RPC's w i t h dc RPC's. A second k e y program change was t h e b a s e l i n i n g o f an expendable l a u n c h v e h i c l e (ELV) t o l a u n c h t h e P o l a r P l a t f o r m . T h i s means t h a t t h e common h a r dware must be d e s i g n e d f o r c o m p a t i b i l i t y w i t h t h e e n v i r o n m e n t imposed b y t h i s v e h i c l e as w e l l as t h a t o f t h e space s h u t t l e . I n o r d e r t o converge c n a d e s i g n i n a r e a s where a d i s c r e p a n c y e x i s t s , WP-03 and WP-04 cont i n u e to exchange t e c h n i c a l i n f o r m a t i o n . WP-03 and WP-04 met s p e c i f i c a l l y t o d i s c u s s t h e r m a l c o n s i d e ra t i o n s f o r t h e b a t t e r i e s on t h e p l a t f o r m and t h e s e d i s c u s s i o n s r e s u l t e d i n a d e c i s i o n t o b a s e l i n e a 81 AH b a t t e r y a s s e r b l y f o r use on t h e s t a t i o n and p l a t f o r m s . S o l a r a r r a y s i z i n g f a c t o r s were d i scussed, l e a d i n g t o a n o t h e r a l t e r a t i o n t h a t s h i f t e d t h e s o l a r a r r a y d e s i g n p o i n t f r o m 10 t o 5 y e a r s . O t h e r a r e a s addressed d u r i n g t e c h n i c a l i n t e r c h a n g e m e e t i n g s have been t h e use o f a common g i m b a l d e s i g n f o r s o l a r a r r a y p o i n t i n g o n t h e s t a t i o n and p l a t f o r m . T h i s i t e m , b y m u t u a l agreement wa2 d i ff e r e n t enough i n form and f u n c t i o n and had many d i f f e r e n t c o n s t r a i n t s d r i v i n g t h e d e s i g n s f o r t h e p l a t f o r m and s t a t i o n a p p l i c a t i o n s , t o c o n s i d e r maki n g t h i s i t e m u n i q u e and produced b y WP-03. The p r o c e s s f o l l o w e d t o b r i n g t h i s a b o u t i s d e s c r i b e d
i n f i g . 7 . A f i n a l d e c i s i o n has n o t y e t been reached. Through t h e t e c h n i c a l i n t e r c h a n g e meeti n g s and d i s c u s s i o n s t h e f o l l o w i n g l i s t o f c u r r e n t WP-04 t o WP-03 d e l i v e r a b l e s shown i n T a b l e I11 has been g e n e r a t e d .
WHAT'S NEXT There i s s t i l l a g r e a t d e a l o f c o o r d i n a t i o n y e t t o be done between t h e e l e c t r i c power system p r o v i d e r , WP-04, and t h e p l a t f o r m program e l e m e n t p r o v i d e r , WP-03.
T h i s i s needed t o r e s o l v e d i sc r e p a n c i e s i n t h e i n t e r s i t e d e l i v e r a b l e s l i s t s , which i n d i c a t e t h e hardware d e l i v e r a b l e s between NASA c e n t e r s . I t e m s f o r d e l i v e r y a t t h e development and f l i g h t f i d e l i t y , q u a n t i t i e s o f each d e l i ve r a b l e , and d e l i v e r y d a t e s must s t i l l be n e g o t i a t e d i n many cases. A s e t o f d e f i n i t i v e r e q u i r e m e n t s must be completed and i n s t a l l e d i n t h e a p p r o p r i a t e documents t o flow down i n t o t h e d e s i g n s p e c i f i c at i o n s . The t e s t and v e r i f i c a t i o n p l a n s o f each t h e work packages must be d i s c u s s e d and complementary approaches d e v e l o p e d f o r t h e hardware t h a t i s t o be t r a n s f e r r e d between work packages. T h i s i n c l u d e s f u r t h e r d e f i n i t i o n o f s u p p o r t e q u i p m e n t . I n t e r a ct i o n w i l l a l s o o c c u r d u r i n g t h e p r e l i m i n a r y d e s i g n r e v i e w (PDR) and c r i t i c a l d e s i g n r e v i e w (CDR) p r ocesses. WP-03 w i l l p a r t i c i p a t e i n t h e WP-04 r e v i e w o f t h e c o n t r a c t o r ' s o v e r a l l d e s i g n approach for s e l e c t e d f l i g h t and ground systems hardware c o n f i gu r a t i o n s t h a t w i l l a l s o be used o n t h e P o l a r P l a tform. The PDR w i l l a s s u r e c o m p a t i b i l i t y w i t h t h e program and a f f e c t e d work package r e q u i r e m e n t
s and t h e p r o d u c a b i l i t y o f t h e d e s i g n approach. The r e s u l t s o f t h i s r e v i e w w i l l c o n s t i t u t e an u p d a t e t o t h e c o n f i g u r a t i o n b a s e l i n e and a p p r o v a l o f t h e approach so t h a t t h e c o n t r a c t o r may p r o c e e d w i t h d e t a i l e d d e s i g n . When t h e d e t a i l e d d e s i g n i s e s s e n t i a l l y c o m p l e t e , a CDR w i l l be h e l d , a l s o w i t h p a r t i c i p a t i o n b y WP-03, t o d e t e r m i n e compliance o f t h e completed d e s i g n w i t h t h e t e c h n i c a l r e q u i r ements o f t h e NASA b a s e l i n e . The r e s u l t s o f t h i s r e v i e w w i l l c o n s t i t u t e a n o t h e r u p d a t e t o t h e conf i g u r a t i o n b a s e l i n e . A p p r o v a l o f t h e approach i d e n t i f i e s t h e p r o d u c t i o n b a s e l i n e s .
KEY CHALLENGES
The k e y c h a l l e n g e o f t h i s p r o j e c t i n terms o f commonality comes from t h e s i z e and scope o f t h e program. The number o f end i t e m s b e i n g produced, t h e number o f c e n t e r s and c o n t r a c t o r s i n v o l v e d i n p r o d u c i n g them, t h e d i v e r s i t y o f t h e m i s s i o n s t h e y w i l l be used f o r , t h e d i f f e r e n t l a u n c h v e h i c l e s t h a t w i l l p l a c e them i n o r b i t , and a l l t h e f u n ct i o n a l and p h y s i c a l i n t e r f a c e s t o c o n t r o l make t h i s a v e r y d i f f i c u l t t a s k t o manage. I n g e n e r a l i t i s a v e r y dynamic program r e q u i r i n g q u i c k r e a c t i o n s t o programmatic changes and f a s t -p a c e d p l a n n i n g . Once changes a r e i n p l a c e , however, t h e t r a i l o f p r ogrammatic i n t e r f a c e s , t h e d o c u m e n t a t i o n c h a i n , and c o n t r a c t u a l s t r u c t u r e t h a t must be u p d a t e d t o i n c o r p o r a t e t h e s e i s so i n t r i c a t e t h a t t h e a c t u a l i m p l e m e n t a t i o n i n many cases o c c u r s much l a t e r .
CONCLUSION
The Space S t a t i o n freedom and P o l a r P l a t f o r m w i l l be some o f t h e most complex space f a c i l i t i e s e v e r b u i l t . WP-03 and -04 have been j o i n t l y i n v o l v e d i n d e f i n i n g t h e power system f o r t h e s e a p p l i c a t i o n s b y d e t e r m i n i n g t h e p r a c t i c a l l e v e l o f common hardware. T h i s i s c o o p e r a t i v e l y b e i n g done w i t h t h ? g o a l of r e d u c i n g t h e program c o s t o f d e s i g n , development, t e s t i n g , assembly and checkw t , and o o e r a t i o n o f t h e s e f a c i l i t i e s . The c o n f i g u r a t i o n o f t h e hardware t h a t has been d e t e rmined t o be common i s c u r r e n t l y b e i n g r e f i n e d . P r o d u c t i o n o f P o l a r P l a t f o r m and Space S t a t i o n Freedom hardware i s scheduled t o b e g i n i n 1992.
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